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Abstract. Epidemiological studies report higher prevalence rates of stress-related disorders such as acute stress disorder and
post-traumatic stress disorder (PTSD) in women than in men following exposure to trauma. It is still not clear whether this greater
prevalence in woman reflects a greater vulnerability to stress-related psychopathology. A number of individual and trauma-related
characteristics have been hypothesized to contribute to these gender differences in physiological and psychologicalresponses to
trauma, differences in appraisal, interpretation or experience of threat, coping style or social support. In this context, the use
of an animal model for PTSD to analyze some of these gender-related differences may be of particular utility. Animal models
of PTSD offer the opportunity to distinguish between biological and socio-cultural factors, which so often enter the discussion
about gender differences in PTSD prevalence.
In this review, we present and discuss sex-differences in behavioral, neurochemical, neurobiological and pharmacological findings
that we have collected from several different animal studies related to both basal conditions and stress responses. These models
have used different paradigms and have elicited a range of behavioral and physiological manifestations associated with gender.
The overall data presented demonstrate that male animals are significantly more vulnerable to acute and chronic stress,whereas
females are far more resilient. The stark contradiction between these findings and contemporary epidemiological data regarding
human subjects is worthy of further study. The examination of these gender-related differences can deepen our understanding of
the risk or the pathophysiology of stress-related disorders.
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1. Introduction

Virtually every large scale epidemiologic study has
documented a greater prevalence of posttraumatic
stress disorder (PTSD) in women than men. However,
it is still not clear whether this greater prevalence in
woman reflects a greater vulnerability to stress-related
psychopathology [1]. The alternative explanation is
that the greater prevalence of PTSD reflects the reality
in our society that woman are likely to be more vic-
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timized by the types of events that result in PTSD than
men, and that they further may experience these events
differently [2]. Indeed it has been somewhat difficult
to study the nature of the gender difference in PTSD
because what might seem a similar exposure in men
and women (i.e., assault), may be interpreted and expe-
rienced differently by men and women. Nonetheless,
Breslau et al. [3] reported that the overall condition-
al vulnerability for PTSD among those exposed to a
potential traumatic experience (PTE) is approximately
twofold higher in women than men, adjusting for gen-
der difference in the distribution of type of trauma. This
group demonstrated that with respect to overall life-
time trauma, men experienced more events than wom-
en. However, Robin et al. [4] reported higher lifetime
prevalence of trauma exposure in women than in men.
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Other studies [5] have found that the predictive va-
lidity of gender is limited in the context of trauma ex-
posure. In a prospective study of PTSD, Freedman et
al. [6] reported that no gender-related differences were
found in response to motor vehicle accidents. Men and
women showed similar recovery rates from PTSD and
associated symptoms. These data suggest that retro-
spective reports of trauma exposure or PTSD may be
subject to gender differences in recall bias or attribution
of lifetime events as traumatic [6]. Yasan et al. [7] al-
so found no gender-related differences in PTSD preva-
lence among people living within an area of conflict,
but reported that there was a different risk of PTSD
among men and women who experienced similar trau-
matic events: the risk of PTSD for those who expe-
rienced military conflict was higher among men then
woman. Similarly, the gender differences in PTSD in
men is reportedly higher (65%) than in women (45%),
though this trauma occurs more than 10 times more
frequently in women [8]. In contrast, however, the
magnitude of the gender difference in PTSD prevalence
yielded an odds ratio of approximately 5 when assault
was included. However, this ratio dropped to 3 when
sexual trauma was excluded from calculations [9]. It
is reasonable to conclude from the above discussion
that some gender differences in PTSD prevalence may
in part be related to gender differences in trauma ex-
posure, but some may reflect differences in gender-
specific PTSD risk factors. It seems important to also
consider that different conclusions might be reached
from retrospective vs. prospective studies. In this con-
text, the use of an animal model for PTSD to analyze
gender differences may be of particular utility. Ani-
mal models of PTSD further offer the opportunity to
distinguish between social and cultural factors, which
so often enter the discussion about gender differences
in PTSD prevalence, and biological alterations which
might contribute to gender.

In considering gender differences in PTSD biolo-
gy that could help guide our understanding of PTSD
prevalence, the data are limited. Some gender differ-
ences have been noted, however. For example, studies
of cortisol have shown that levels of salivary cortisol
increase in males over the course of a day, while lev-
els decrease among females [10], and that among chil-
dren with PTSD symptoms, females have significantly
elevated cortisol levels compared to males [11]. Dif-
ferences in catecholamines have also been observed:
among males epinephrine and norepinephrine are asso-
ciated with PTSD symptoms 1 month and 5 months fol-
lowing trauma, but the same is not true for females [12].

A number of studies have identified some neuroanatom-
ical differences in males and females with PTSD. Mag-
netic Resonance Imaging (MRI) of the brains of chil-
dren with PTSD due to maltreatment show decreased
intracranial and cerebral volumes among than controls,
with greater corpus callosum reduction (and a trend for
greater cerebral volume reduction) in males than fe-
males [13]; larger prefrontal lobe cerebro-spinal fluid
volumes and smaller splenium compared to controls
which is more prominent in males; and smaller cere-
bral volumes and corpus callosum regions 1 (rostrum)
and 6 (isthmus) and greater lateral ventricular vol-
ume increases in males than females with PTSD [14].
Functional MRI (fMRI) has also illustrated that among
males, enhanced brainstem activity is associated specif-
ically with the diagnosis of PTSD, but that among fe-
males such enhanced activity is associated with ex-
posure to trauma (but not necessarily development of
PTSD [15]. In this same study, it was observed that
males with PTSD displayed greater hippocampal activ-
ity to fear than females with PTSD. However, what is
true for all of these studies is that the gender differences
observed in men and women with PTSD may simply
reflect normal gender differences in these measures that
are do not speak to, or reflect, differences in PTSD risk
or psychopathology in men and women. That is, that
there may be normal gender differences because men
and women differ on many parameters. A gender dif-
ferences that can help explain greater PTSD prevalence
or response to trauma is arguably one in which there
is a gender difference in PTSD which is not otherwise
observed (i.e., a gender x diagnosis interaction).

It is for this reason, that an analysis of gender dif-
ferences in animal models of PTSD may be extreme-
ly informative. Animal models of PTSD, despite their
limitations, provide a fair approximation of certain as-
pects of this complex clinical disorder, enabling the
study of questions raised in clinical research, with the
advantage of prospective study designs, under far more
controllable conditions. Animal models of PTSD can
thus represent a useful tool for the investigation of sex
differences in the neurobiology of PTSD.

Unfortunately, the amount of information regard-
ing the gender-related differences in animal models of
PTSD is also very limited to date. The majority of
animal-based studies of PTSD have used male animals.
A limited number have used females. Presumably,
this tendency has stemmed mainly from the desire to
preclude any confounding effects that female gender-
related factors may have on the results, e.g. the es-
trous cycle. Virtually no studies have been performed
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which intentionally and systematically attempt to com-
pare male vs. female animals.

In this review, we present and discuss sex differ-
ences in behavioral, neurochemical, neurobiological
and pharmacological findings that we have collected
from several different animal studies related to both
basal conditions and stress responses. These models
have used different paradigms and elicited a range of
behavioral and physiological manifestations associated
with gender. Overall the results have been interesting
and indicate that further gender-related animal studies
may well provide useful information.

2. Gender differences under resting conditions
(unstressed)

2.1. Gender differences in basal HPA-axis activity

In mature rats, sex-related differences in pituitary
and adrenal function have been reported quite exten-
sively, with generally higher plasma corticosterone
concentrations observed in females during rest [16–22].
Critchlow et al. [21] reported sex-related differences in
the circadian rhythm of adrenal cortical function be-
tween males and females. Although both sexes showed
evidence of a 24-hr rhythm in plasma and adrenal cor-
ticosteroids, the maximal levels observed and the mean
24-hr concentrations were markedly higher in females
with mature ovaries than in males.

The gender differences in HPA-axis function are in
part due to differences in the circulating gonadal steroid
hormone milieu. The higher levels of plasma and
adrenal corticosterone that were observed at proestrus
suggest that estrogens may be primarily responsible for
the female type circadian pattern. In both sexes, estro-
gen administration increases basal corticosterone lev-
els [23,24]. To further explore the possibility of sex
differences in pituitary-adrenal function under resting
conditions, Critchlow et al. [21] demonstrated that find-
ings in castrated and prepubertal animals implicate the
ovary in mechanisms responsible for the sex differences
in the circadian rhythm of adrenal cortical function.
Both castrated and prepubertal females failed to show
the marked excursions of plasma and adrenal corticos-
terone that were present in intact and sham-castrated
females. Moreover, the lower resting levels of plas-
ma and adrenal corticosterone that were observed fol-
lowing ovariectomy were manifested in the absence of
a change in adrenal weight. Spayed females, like in-
tact and sham-operated females, had adrenals that were

found to be heavier than those found in males. Taken
together, the cyclic variations in ovarian activity ap-
parently lead to marked differences in corticosteroid
secretion.

2.2. Gender differences in structures and functions in
the CNS

Hormones organize the neuronal circuitry involved
in neuroendocrine functions and behavior, and are re-
sponsible for gender differences in the size of cer-
tain brain areas, synaptic connections, neurotransmitter
concentrations and their activity [25,26]. For example,
in the late 1970s, a nucleus in the anterior hypothala-
mus was discovered to be 2.5–5 times larger in males
than females [27]. This nucleus is known as the sexu-
ally dimorphic nucleus of the medial preoptic area, and
plays an important role in mediating the display of male
sexual behavior [28]. The larger size in males has been
attributed to prevention of neuronal apoptosis by circu-
lating testosterone after its conversion to estradiol [29].
In males but not in females, Krieg’s areas 2 and 3 on the
right side of the cerebral cortex are thicker than on the
left side [30,31]. On the other hand, the rostral anterior
commissure, a fiber tract connecting the left and right
hemispheres and several brain regions including the lat-
eral amygdala nucleus, accumbens and endopiriform
cortex, is larger in females than in males [32].

At the morphological level, the hippocampal forma-
tion also has several sexual dimorphisms. In the pyra-
midal cell layers of the hippocampus, the field volumes
and cell bodies of CA1 and CA3 pyramidal cells are
larger in males than females [33,34]. Male rats al-
so have more glial fibrillary acidic protein immunore-
active (GFAP-IR) astrocytes in the CA3 region [35],
greater dendritic branching in the CA1 region of the
stratum radiatum (the dendritic field of the apical den-
drites of the CA1 pyramidal cells) [36] and more apical
dendritic excrescences in the stratum lucidum than fe-
male rats [37]. Additionally, males have a larger den-
tate gyrus (DG) [38,39] and greater synaptic connec-
tivity than females [40]. Furthermore, the subiculum,
the source of major hippocampal efferents, is larger in
males compared with females [41]. In contrast, females
have more GFAP-IR astrocytes in the CA1 region [35]
and a greater number of primary dendrites in the CA3
region than males [37].

The naturally occurring fluctuation in estrogens that
occurs across the estrous cycle can dramatically influ-
ence the morphology of the hippocampus in female rats.
Females in the proestrous cycle stage (i.e. when estro-
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gen levels are at their peak) have higher levels of den-
dritic spines in the CA1 region compared to males [42].
Between proestrus and estrus, when estrogen levels fall,
there is a 30% decrease in spine density; a comparable
decrease in synapse density at the electron microscope
level is the ultra-structural reflection of the spine den-
sity change [43]. Reducing estradiol levels by ovariec-
tomy causes a decrease in spine density (Gould et al.,
1990), and estradiol replacement increases spine den-
sity, spine size and excitatory synapse number, and en-
hances LTP amplitude in hippocampal CA1 pyramidal
neurons in ovariectomized rats [43–47]. No compa-
rable change was found in CA3 or the DG. Estrogen
also increases the occurrence of multi-synaptic bou-
tons, which are presynaptic elements that make more
than a single synapse at the apparent expense of single-
synaptic boutons [48]. This suggests that during the
portion of the estrous cycle when estrogen levels are at
their highest, new dendritic spines make synapses with
preexisting boutons. More recently, it has been found
that the synapses of a multisynaptic bouton are made
with different postsynaptic neurons [49], which indi-
cates not only an increase in spine and synapse number,
but also in divergence of inputs [50]. Further studies
have demonstrated that a variety of synaptic markers
are also upregulated after systemic estrogen applica-
tion [51], confirming the supportive role of estrogens
for synapse formation. The results of these studies on
estrogen-induced synaptic plasticity and the fact that
gonads are the main source of estrogen strongly sug-
gest an endocrine regulation of spinogenesis in the hip-
pocampus by gonadal estrogen. Interestingly, estro-
gen increases CA1 spine density in females but not in
males [52,53]. Castration reduces CA1 spine density in
males, but estrogen treatment does not reverse this de-
crease [52]. The molecular mechanisms through which
estrogen fails to induce spinogenesis in males are not
fully understood.

The molecular mechanisms controlling estrogen-
induced pyramidal neuronal dendrite and spine mor-
phogenesis are being elucidated. Estrogen increas-
es the expression of NMDA receptors in the stratum
oriens and stratum radiatum of the CA1 pyramidal cells,
which is necessary for estrogen-induced spine forma-
tion [54,55]. Females who are treated simultaneously
with NMDA receptor antagonists and estradiol fail to
show estrogen-induced increases in hippocampal spine
density [56].

These gender differences in morphology further sug-
gest a mechanism for how similar exposures might re-
sult in differential outcomes in men and women. These

mechanisms and potential brain differences should be
more fully examined in both traumatized and nontrau-
matized men and women.

2.3. Gender differences in the sympathoadrenal
system

Weinstock et al. [18] reported that female rats show
greater individual variation than males in their con-
centrations of plasma catechols and corticosterone,
and have higher basal levels of plasma corticosterone,
norepinephrine (NE) and dihydroxyphenylacetic acid
(DOPAC). On the other hand, female rats have a lower
plasma dihydroxyphenylglycol(DHPG)/NE ratio (DH-
PG is derived from released NE that has undergone
reuptake into the neuron, and also from some leakage
from storage vesicles), which suggests that proportion-
ally less NE is taken back into nerve terminals than
in males. Furthermore, adult males have significant-
ly higher mean arterial blood pressure (MAP) than fe-
males [18].

In sum, under basal conditions, sex-related differ-
ences in pituitary and adrenal function have been re-
ported quite extensively. Moreover, morphological
gender differences in brain areas may explain sex dif-
ferences in function. It is well known that the brain-
pituitary-adrenal axis plays an important role in medi-
ating an animal’s ability to cope with stress [57]. It is
therefore possible that the basal sex-related differences
may influence the ability of the organism to respond
to, cope with and adapt to stressful stimuli, and there-
fore may have an influence on stress-induced disease
susceptibility

3. Gender differences in response to stressors

Gender-related differences in the stress response in
the animal literature have been noted for more than 40
years. So the question becomes, in translating this work
to PTSD, whether any gender differences in PTSD are
simply a reflection of normal differences between the
genders, and if so, what the pathophysiologic and treat-
ment implications of these gender differences might
be.

3.1. Gender differences in HPA-axis reactivity

Gender differences in the response of the HPA-axis
to a variety of stressors have been demonstrated in mul-
tiple animal species [24]. Endocrinology studies are
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beginning to reveal fairly consistent data indicating that
female rats demonstrate markedly higher and more per-
sistently increased plasma levels of corticosterone af-
ter stress exposure (physical and psychological) than
do male animals [18,22,58–60]. Louvart et al. [59]
reported that female rats react to a physical stressor
with an endocrine response that is quantitatively greater
and longer than the response of the males. Forty-two
days after a traumatic procedure (an intense inescapable
footshock followed by situational reminders), female
rats exhibited increased negative feedback of the HPA-
axis, whereas no effect was seen in male animals [59].
Additionally, circulating corticosteroid-binding globu-
lin (CBG) levels after stress are approximately twofold
higher in adult female rats compared with males [61].
Female rats also show greater adrenocorticotrophin
(ACTH) responses to stress [62] than males. Several
hypotheses have been suggested to explain these data:
1) There is a gender-related difference in the respon-
siveness of the adrenal gland to an equivalent amount of
ACTH stimulation. 2) There is a difference in the rate
of clearance and metabolism of plasma corticosterone
between male and female rats. 3) There is a sex dif-
ference in the amount of ACTH released in response to
stress. 4) These gender differences suggest that postpu-
bertal gonadal steroid hormone secretion may play an
important role in the activation of the stress response.

Plasma corticosterone concentrations following in-
traperitoneal injection of ACTH or saline were mea-
sured to explore the first of these hypotheses [22]. Fe-
male rats demonstrated markedly higher and more per-
sistently increased plasma levels of corticosterone after
ACTH injection than did male rats. The data support
the hypothesis that the adrenal gland of the female rat
is more sensitive to ACTH than is the male adrenal
gland [22]. Kitay et al. [22] proposed an alternative
explanation, equally applicable to the effects obtained
after stress or after ACTH administration: that a slower
rate of plasma clearance and metabolism of corticos-
terone occurs in female rats.

To explore the second hypothesis, the clearance (bi-
ological half-life) of injected corticosterone was eval-
uated in male and female rats; they were injected 16
hours after adrenalectomy to eliminate variation due to
endogenous steroid secretion [22]. The biological half-
life in male rats was 20 minutes, whereas the compa-
rable value in female animals was 13 minutes [22,63].
Interestingly, no sex difference was observed in the rate
of reduction of the sidechain of corticosterone [22]. Fi-
nally, the concentration of corticosterone in the adrenal
vein of the female rat is 2.5 times that in the male. This

finding may not be correlated with a sex difference in
adrenal size since adrenal weights were approximately
equal. Thus, the higher plasma corticosterone levels
observed after ACTH or stress in female rats are not
explained by sex differences in the rate of clearance
and metabolism of the steroid [22].

In contrast to these findings, sex differences in the
metabolism of cortisone by rat liver homogenates have
been reported by Hagen and Troop [64,65]. Compari-
son of hepatic metabolism of steroid between genders
showed that liver tissue from female rats reduces the A
ring of both cortisone and corticosterone more rapidly
than does male liver tissue [63–66]. Conversely, the C-
20 ketone of cortisone is metabolized more effectively
by male liver tissue [64,65].

The third possibility to be considered is that the
amount of ACTH released in response to stress differs
between the genders. In other words, the increased re-
sponsiveness of the female adrenal cortex may be as-
sociated with increased responsiveness of the female
pituitary gland with respect to ACTH secretion [22]. In
footshock stress, females show higher and more rapid
secretion of ACTH than males [16,67]. Moreover,
Gemzell has reported increased secretion of ACTH in
male rats following administration of estradiol [68].
The authors suggested that estradiol affects both the hy-
pophysial secretion of ACTH and adrenal cortical sen-
sitivity to ACTH based upon adrenal weight changes
in intact and castrated rats [69].

3.2. Role of estrogen

The effect of estrogen on ACTH secretion is man-
ifested as a prolongation of secretion [23]. This sug-
gests that one mechanism by which estrogen enhances
stress hormonesecretion is by impairing glucocorticoid
receptor (GR)-mediated negative feedback, as the in-
creased responsiveness to a stressor that is seen in fe-
males is likely due to decreased sensitivity to glucocor-
ticoid feedback [23,70–74]. Recently, Weiser and Han-
da [75] reported that estradiol exerts its action at the lev-
el of the paraventricular nucleus of the hypothalamus
(PVN), via estrogen receptor alpha (ERα)-mediated
disruption of GR-mediated negative feedback.

In contrast, in studies with gonadectomized or neona-
tally estrogenized rats, Patchev et al. [76] and Mc-
Cormick et al. [77] reported significantly higher HPA-
axis response to stress in females independent of dif-
ferences in circulating gonadal steroid levels, which
suggests an innate or organized difference in the HPA-
axis response to stress. Such organizational effects de-
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scribe the ability of gonadal steroids to program, ear-
ly in development, subsequent central nervous system
responses to gonadal steroids later in life [78,79].

Taken together, these studies suggest that in addition
to changes in neuronal function, estrogen can modu-
late the HPA-axis at multiple levels, from genomic dif-
ferences to organizationally or developmentally pro-
grammed effects (caused by earlier differential gonadal
steroid exposure), and/or acute, activational effects of
recent gonadal steroid exposure.

3.3. Role of androgen

Gaskin and Kitay [80] demonstrated that the go-
nads influence hypothalamic and pituitary regulation of
adrenocortical function in the hamster. In the male, ex-
ogenous testosterone enhances ACTH secretion, lead-
ing secondarily to increased adrenal steroid secretion
and increased hepatic metabolism of cortisol. These
data suggest that testosterone normally acts to inhibit
the HPA response to environment perturbation.

Handa et al. [81] studied the role of androgens in the
regulation of ACTH and corticosterone responses to
foot shock and novelty stressors in gonadectomized or
intact male F344 rats. They reported that castration en-
hances and androgen treatment suppresses the ACTH
and corticosterone responses to a physical or psycho-
logical stressor. This effect of androgen is mediated
via an androgen receptor mechanism and does not ap-
pear to involve changes in anterior pituitary sensitivity
to CRH or to changes in hippocampal or hypothalamic
corticosterone receptor concentrations [81]. Moreover,
the effect of castration can be inhibited by administra-
tion of the non-aromatizable androgen, dihydrotestos-
terone, thus implicating androgen receptors in this reg-
ulatory pathway. In addition, Bingaman et al. [82] have
demonstrated that long term (10 days) following castra-
tion, there are increases in hypothalamic CRH content
and CRH-IR cell numbers in the PVN due to removal
of androgen-dependent repression. These data suggest
that the effect of androgen on HPA activity can be me-
diated via changes in CRH-containing cells within the
PVN [24].

In sum, the results from a variety of studies suggest
that gender differences in the ACTH and corticosterone
response to stressors are a consequence of differences
in gonadal steroid hormone secretion and their effects
on neuronal functioning. An evolutionary explanation
suggests that this sexually dimorphic regulation is an
attempt to maintain reproductive competence in the
face of physical or psychological insults that threaten
homeostasis.

3.4. Gender differences in sympathoadrenal system
reactivity

Weinstock et al. [18] reported that in response to
stress exposure, there were significant sex-related dif-
ferences in the extent and duration of the response of
EPI and DHPG. A greater rise in plasma concentration
of EPI was found in females than in males after ex-
posure to footshock stress. This may indicate that the
female adrenal gland is more reactive to the stress of a
novel environment and footshock. Moreover, exposure
to the shock box resulted in a significant increment in
plasma DHPG in males and of DOPA and DOPAC in
females. The finding that stress produces larger in-
crements of plasma DOPA and DOPAC in female rats
indicates that tyrosine hydroxylase in the sympathetic
nerve terminals and adrenal medulla may also be high-
er than in males. A smaller DHPG/NE ratio was also
found in females after stress, suggesting that neuronal
uptake of NE is lower in females than in males [18].
Taken together, these data show that the female sympa-
thoadrenal system is more reactive than that of the male
to the stresses of a novel environment and footshock.

3.5. Gender differences in molecular signaling

Lin et al. [83] reported sex-related differences in the
expression of p-CREB in the prefrontal cortex (PFC)
and DG after acute footshock stress. Acute stress
caused a significant reduction in p-CREB immunore-
activity in a time-dependent manner in male DG two
hours after exposure to the stress box. In contrast,
acute stress had no significant effect on the expression
of p-CREB in female PFC and DG.

Shansky et al. [84] asked whether ovariectomized fe-
males with estrogen replacement or vehicle treatment
responded differently to stimulation of alpha-2 adreno-
ceptors after administration of the benzodiazepine in-
verse agonist FG7142, a pharmacological stressor. The
alpha-2 agonist, guanfacine, protected working mem-
ory from the impairing effects of FG7142 in the es-
trogen replacement group, but not in rats without re-
placement. No changes in alpha-2 receptor expression
in the PFC were found, indicating that the behavioral
effects observed were likely not due to changes in re-
ceptor expression. Thus, these findings point to pos-
sible mechanisms by which estrogen may enhance the
stress response, and hold implications for the gender
discrepancy in the prevalence of stress-related mental
illness.
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3.6. Gender differences in response to
pharmacological treatments

Poltyrev and Weinstock [85] have examined whether
oral administration of amitriptyline for 6 weeks before
puberty to prenatally stressed (PS) male and female rats
could prevent hyper-anxiety in adulthood. They report-
ed that early treatment with amitriptyline can prevent
hyper-anxiety in PS rats in adulthood. Moreover, the
anxiolytic effect was more readily seen in females than
in males. The action of amitriptyline may differ in the
two sexes because it is metabolized more rapidly in
male than in female rats to nortriptyline by CYP2D in
the liver [86].

3.7. Prevalence rates of individual patterns of
response in an animal model of PTSD

Previously, we examined gender-related differences
in the prevalence rates of individuals displaying a
PTSD-like behavioral pattern in response to predator
scent stress (PSS) exposure in male vs. female sub-
jects [58]. An animal model that compares the behav-
ioral response patterns of global populations to those of
individual subjects was applied in a prospective com-
parative study of male rats and fertile female rats across
the estrous cycle. The model classifies individuals
within each study group according to the degree of their
behavioral responses to a stressor in two sequential test
paradigms (the elevated plus maze and the acoustic
startle response), according to well defined and validat-
ed cutoff behavioral criteria (CBC’s) [87–90]. Three
classes of response pattern are defined – extreme behav-
ioral response, minimal behavioral response and partial
behavioral response – and prevalence rates of individ-
uals displaying each pattern may then be calculated.
Extreme responders display grossly disordered behav-
iors and are considered to most validly reflect/model
PTSD-like responses [87–90].

Analysis of individual patterns of behavioral re-
sponse to PSS exposure revealed that, although the
global data for the entire population appeared to indi-
cate that males and females responded differently, in
fact the prevalence rate of severely affected animals was
not significantly affected by gender (the prevalence of
severely behaviorally affected female rats was 13.6%,
whereas in males it was 10%). Although baseline levels
of anxiety were higher for females and their peak levels
of response to stress exposure were lower, the overall
incidence of PTSD-like behavioral responses was the
same for both genders.

4. Conclusions

The data presented above show that gender-related
differences can be demonstrated on the phenotypic (be-
havior) and/or the endophenotypic (neurobiology) un-
der baseline conditions and in response to stress. In
adult rodents, gender-related differences in the regula-
tion of the HPA-axis have been well established, with
generally higher plasma corticosterone concentrations
observed in females during rest and stress response.
Significant differences have been reported regarding
anatomical, morphological, and biochemical charac-
teristics under baseline conditions and after stress ex-
posure. This may reflect effects of gonadal steroids
and could be the result of influences of sex hormones
on neuroendocrine regulatory mechanisms and/or the
modulatory action of circulating and CNS gonadal
steroids. However, gender differences of the CNS and
behavior may have an underlying genetic component,
independent of any sex steroid-dependent mechanism.
In addition, the environment can have a significant im-
pact on the dimorphism and sexual differentiation of
the CNS.

The data presented above demonstrate that male an-
imals are significantly more vulnerable to acute and
chronic stress, whereas females are far more resilient.
But this, of course, is in stark contradiction to epi-
demiological data regarding the prevalence of PTSD
in humans. Possibly, this gender-related difference be-
tween the patterns of vulnerability/resilience to post-
traumatic pathology for humans and rodents (as well as
in non-human primates) may stem from the difference
in basal cortisol/corticosterone levels between males
vs. females. In rodents the basal corticosterone lev-
els of females are significantly higher than males and
their response to stress is more adaptive [16–22]. In
humans, the reverse is true: males display a higher
basal cortisol level (during fertility years) associated
with lower prevalence of stress-related psychopatholo-
gy [91–95]. This might explain the disparity in findings
in rodent and human studies. Translating the above
work to PTSD, one might predict that higher basal cor-
tisol levels might be protective for the development of
PTSD. Indeed, it has been observed that lower cortisol
levels were observed before and in the immediate af-
termath of PTSD in those who subsequently developed
PTSD [96]. It has been suggested that lower base-
line cortisol is a pretraumatic risk factor for subsequent
stress-related psychopathology [97].

This apparent paradox offers the possibility of exam-
ining gender differences in a manner where the iden-
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tification may be of significance in understanding risk
or pathophysiology. Indeed, PTSD is not a normative
response to stress because of its infrequent occurrence
compared to the prevalence of trauma. If the normal
biological and behavioral profile suggests that females
should be more resilient, it is imperative to identify the
biological paramaters in men and women that deviate
from this normal pattern as these may ultimately be the
correct targets of PTSD prophylaxis and intervention.
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